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HYPRAU1 ,|C .SLIPUP, STnp. pooR slfrvf 

The present invention relates to hydraulically operated sliding side-door 
sleeves for use in wellbores. 

Sliding side-door sleeves are commonly used in the completion tubing 
string of an oil or injection well to allow fluid to flow between the interior of the 
string and individual zones within the wellbore. The sliding side-door sleeves 
currently in use are moved between open and closed configurations by means of a 
shifting tool which is run into the tubing string on a wireline. The shifting tool is 
typically latched onto the sliding side-door and then manipulated from the surface 
by means of wireline "jars" so as to hammer the side-door open or closed. 
However, this operation can be problematic in "high angle" and horizontal 
wellbores due to the difficulty in progressing the wireline and associated tools 
down the tubing string. The use of a wireline and associated tools may be also 
hindered by the accumulation of scale and wax within the tubing string. 
Furthermore, the high cost of the equipment and personnel required to use wireline 
tools correctly can be prohibitive. 

It is an object of the present invention to provide a sliding side-door sleeve 
assembly which may be conveniently and inexpensively moved between open and 
closed configurations in both vertical and "high angle" or horizontal wellbores. 

The present invention provides a sliding side-door sleeve assembly for use 
in a wellbore, the assembly comprising an outer member defining a bore and an 
inner member defining a bore, the inner member being slidably located within the 
bore of the outer member so as to be movable between an open position, in which 
a hole in the inner member is arranged relative to a hole in the outer member to 
permit fluid communication between the bore of the inner member and the exterior 

~of the outer member, and a closed position, in which the hole in the inner member 
» arranged relative to the hole in the outer member to prevent fluid communication 

between the bore of the inner member and the exterior of the outer member the 
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assembly further comprising controlling means for selectively placing the inner 
member in the open or closed position, wherein the controlling means comprises a 
spring for biasing the inner member in one axial direction relative to the outer 
member, means for shifting the inner member relative to the outer member against 
the bias of the spring, and selectively releasable latching means for latching the 
inner member in the shifted position. 

The shifting means of the present invention may be used to move the inner 
member from an open position to a closed position against the bias of the spring. 
The selectively releasable latching means may be then used to lock the inner 
member in the closed position. Since the latching means is selectively releasable, 
the inner member may be released from the closed position and moved to the open 
position by means of the spring biasing force. 

Preferably, the means for shifting the inner member relative to the outer 
member comprises a seat for receiving a drop ball. It is preferable for the seat to 
be arranged so that a suitable drop ball received thereon prevents the flow of fluid 
through the bore of the inner member. 

Furthermore, it is desirable for the selectively releasable latching means to 
comprise an indexing track for engagement with an indexing pin. The indexing pin 
preferably has a fixed axial position relative to the inner member and the indexing 
pin preferably has a fixed axial and angular position relative to the outer member. 
The indexing track may be arranged on an indexing sleeve having a cylindrical 
shape, the indexing sleeve being slidably mounted within the outer member and 
having a fixed axial position relative to the inner member. The indexing track may 
be provided as a groove in the surface of the indexing sleeve adjacent the outer 
member. It is further desirable for a bearing to be provided between an end of the 
spring and an end of the indexing sleeve so as to reduce the transmission of 
torsional forces between the spring and the indexing sleeve. 

The indexing track may extend in a direction having a component in line 
with the direction of movement of the inner member when moving between open 
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and closed positions, the indexing track thereby limiting axial movement of the 
inner member relative to the outer member. 

Furthermore, it is preferable for an end of the spring to be supported by a 
shoulder defined by the outer member and for a bearing to be provided between 
said end of the spring and the shoulder so as to reduce the transmission of torsional 
forces between the spring and the outer member. 

The present invention has the advantage over the prior art of providing a 
sliding side-door sleeve assembly which may be used without difficulty in both 
vertical and "high angle" or horizontal wellbores. Furthermore, the present 
invention has the advantage of being inexpensive to manufacture and use. 

An embodiment of the present invention will now be described with 
reference to the accompanying drawings, in which: 

Figure 1 is a cross-section view of a sliding side-door sleeve assembly 
according to the present invention; 

Figure 2 is a cross-section view of the outer barrel shown in Figure 1 ; 
Figure 3 is a cross-section view of the inner mandrel shown in Figure 1; 
Figure 4 is a cross-section view of the indexing sleeve shown in Figure I 
locked in an open position; 

Figure 5 is a cross-section view of the indexing sleeve shown in Figure 1 
locked in a closed position; 

Figure 6 is a cross-section view of a drop ball; and 

Figure 7 is an "unwrapped" view of the indexing track shown in Figures 4 

and 5. 

The sliding side-door sleeve assembly 2 shown in Figure 1 comprises an 
outer barrel 4 in which a plurality of internal components are mounted. 

The outer barrel 4 comprises a top sub 6, a main body sub 8, a double box 
ported sub 10, chevron packing seals 12 and a bottom sub 14 (see Figure 2). The 
top sub 6 is threadedly engaged with an upper portion 16 of the main body sub 8 
and the double box ported sub 10 is threadedly engaged with a lower portion 18 of 
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the main body sub 8. The end of the double box ported sub 10 distant from the 
main body sub 8 is threadedly engaged with the bottom sub 14. A rigid and 
substantially cylindrical structure is thereby defined. 

An inner surface 19 of the main body sub 8 defines a bore 20 and a 
shoulder 22 located adjacent the lower portion 18. The main body sub 8 further 
incorporates an indexing pin hole 34 for receiving an indexing pin 36. An inner 
surface 24 of the double box ported sub 10 is provided with a pair of annular 
protrusions 26,28 which are spaced apart from each other to define therebetween a 
recess surface 30. Four port holes 32 are provided in the recess surface 30 and 
arranged equi-spaced about the longitudinal axis of the double box ported sub 10. 
In the assembled outer barrel 4, the annular protrusions 26,28 provide shoulders 
for locating chevron packing seals 12 adjacent the main body sub 8 and the bottom 
sub 14. An alternative type of seal may be used as appropriate. 

The plurality of internal components mounted within the outer barrel 4 
comprises an inner mandrel 38, an indexing sleeve 40, first and second ball bearing 
races 42,44 and a compression spring 46 

The inner mandrel 38 defines a bore 39 and incorporates an upper mandrel 
member 48 threadedly engaged with a lower mandrel member 50 to form a 
substantially cylindrical structure. The upper mandrel member 48 is provided with 
an annular shoulder 52 terminating the upper end thereof. A mandrel relief port 54 
is also provided in the upper mandrel member 48. The lower mandrel member 50 
is provided with four mandrel port holes 56 which are arranged equi-spaced about 
the longitudinal axis of the mandrel 38. The assembled mandrel 38 is shown in 
Figure 3. 

The indexing sleeve 40 is cylindrical in shape and sized so as to be capable 
of being received within the bore 20 of the outer barrel 4. The indexing sleeve 40 
is further sized to allow reception of the upper mandrel member 48 therein. The 
outer surface 58 of the indexing sleeve 40 is provided with an indexing track 60 in 
the form of a circumferential groove. The width of the indexing track 60 is sized 
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to receive the indexing pin 36. Figure 7 shows the "unwrapped" profile of the 
indexing track 60. Points A and C along the indexing track 60 correspond to a 
closed configuration for the sliding side-door sleeve assembly 2, and points B and 
D correspond to an open configuration. 

The plurality of internal components are arranged within the outer barrel 4 
with the upper mandrel member 48 slidably located within the bore 20 of the mam 
body sub 8. The main body sub 8 and inner mandrel 38 form an annular space 62 
in which the compression spring 46 is located. The upper end of the compression 
spring 46 abuts the first ball bearing race 42, upon which the indexing sleeve 40 is 
supported. The second ball bearing race 44 is located on the upper end of the 
indexing sleeve 40 between the indexing sleeve 40 and the annular shoulder 52. 
The indexing pin 36 is threadedly engaged with the indexing pin hole 34 so as to 
locate within the indexing track 60 defined in the indexing sleeve 40. An O-ring 
sea] 64 is provided between the inner surface 19 of the main body sub 8 and the 
annular shoulder 52 of the inner mandrel 38. 

The arrangement of the sliding side-door sleeve assembly 2 is such that the 
compression spring 46 tends to bias the annular shoulder 52 into abutment with the 
top sub 6. The axial movement of the mandrel 38 within the outer barrel 4 is 
limited by the movement of the indexing pin 36 within the indexing track 60. 
When the indexing pin 36 is located at point B or D within the indexing track 60 
the inner mandrel 38 is arranged within the outer barrel 4 in an open position (as 
shown in Figure 1). In this position, the bore 39 defined by the inner mandrel 38 is 
m fluid communication with the exterior of the outer barrel 4 via the mandrel port 
holes 56, the port holes 32 and the annular space defined by the recess surface 30 
and the lower mandrel member 50. 

When the indexing pin 36 is located at point A or C within the indexing 
track 60, the inner mandrel 38 is arranged in a closed position within the outer 
barrel 4. In this position, the inner mandrel 38 is displaced axially towards the 
bottom sub 14 so that the mandrel port holes 56 are located below the chevron 
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packing seal 12 abutting the bottom sub 14. Fluid communication between the 
mandrel bore 39 and the exterior of the outer barrel 4 is thereby prevented. The 
closed position of the mandrel port holes 56 is indicated by the broken outline 
shown in Figure I. In both the open and closed configurations, the chevron 
packaging seals 12 prevent any undesirable leakage of fluid. 

The upper end portion 66 and lower end portion 68 of the sliding side-door 
sleeve assembly 2 is provided with a screw thread for attachment to a tubing string. 

When in use, the sliding side-door sleeve assembly 2 may be arranged so 
that the indexing pin 36 is located at point B or D within the indexing track 60 so 
as to orientate the inner mandrel 38 in the open position. With the apparatus 
arranged in this open configuration, wellbore fluid may flow between the mandrel 
bore 39 and the wellbore annulus via the mandrel port holes 56 and the port holes 
32 provided in the double box ported sub 10. This fluid communication may be 
prevented by moving the mandrel 38 into the closed position by introducing a drop 
ball 70 into the tubing string attached to the top sub 6. The drop ball 70 is shown 
in Figure 6. The ball 70 is a hollow sphere having a pressure relief port 72 for 
equalising the fluid pressure within the ball 70 with that in the string. The ball 70 
may be manufactured from boro-silicate glass or any other suitable frangible 
material. 

The drop ball 70 may be introduced into the string from either the surface or 
a point within the string, and is moved down hole through the string by the action 
of gravity or pump pressure. The inner diameter of the annular shoulder 52 is 
sized to receive the drop ball 70 and thereby form a seal preventing the passage of 
fluid down the string and through the mandrel bore 39 (see Figure 4). The 
pumping of fluid down the string increases the static pressure above the drop ball 
70 and generates sufficient force to overcome the biasing of the compression 
spring 46. The inner mandrel 38 is thereby moved axially towards the bottom sub 
~14. The mandrel pressure relief port 54 assists this movement by allowing fluid 
located in the annular space 62 to be released into the mandrel bore 39. As the 
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inner mandrel 38 moves axially Within the outer barrel 4, the annular shoulder 52 
abuts the indexing sleeve 40 and pushes the indexing sleeve 40 axially towards the 
bottom sub 14. The axial movement of the indexing sleeve 40 generates relative 
movement between the indexing pin 36 and the indexing track 60. Where the 
indexing pin 36 is initially located at point B within the indexing track 60, the axial 
movement of the indexing sleeve 40 causes the indexing pin 36 to move to a point 
F within the indexing track 60 and thereby unparts a rotational movement onto the 
indexing sleeve 40. This rotational movement is assisted by the operation of the 
ball bearing races 42,44. 

Once the indexing pin 36 locates at point F within the indexing track 60, 
further axial movement of the inner mandrel 38 towards the bottom sub 14 is not 
possible without the mandrel 38 first moving axially towards the top sub 6. 
Consequently, continued pumping of fluid down the string causes the static 
pressure above the drop ball 70 to increase until the force exerted is sufficient to 
cause the drop ball 70 to disintegrate. The disintegrated drop ball 70 is then 
carried through the mandrel bore 39 by the flow of fluid down the string. The axial 
force overcoming the compression spring 46 is removed as a result and the 
mandrel 38 is moved towards the top sub 6. As the mandrel 38 is moved axially 
towards the top sub 6 by the compression spring 46, the indexing pin 36 moves 
from point F to point C within the indexing track 60 (see Figure 5). Axial 
movement of the inner mandrel 38 is thereby limited and the annular shoulder 52 
remains spaced from the top sub 6. As a consequence, the mandrel port holes 56 
locate below the chevron packing seal 12 adjacent the bottom sub 14. Thus the 
introduction of the drop ball 70 into the string moves the inner mandrel 38 from an 
open position to a closed position. 

In a similar manner, the introduction of a further drop ball 70 into the string 
w,H cause the indexing pin 36 to move from point C to point G and then to point D 
w.thm the indexing track 60, and thereby move the inner mandrel 38 from the 
closed position to the open position. The sliding side-door sleeve assembly 2 may 
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be cycled between open and closed Configurations as many times as required. 

The invention is not limited to the specific embodiment described above. 
Alternative arrangements and materials will be apparent to the reader skilled in the 
art. For example, the recess surface 30 may be provided with an alternate number 
of port holes 32. Similarly, an alternate number of mandrel port holes 56 may be 
provided in the lower mandrel member 50. 

Furthermore, the main body sub 8 may be provided with more than one 
indexing pin 36. In such an embodiment, the indexing pins are preferably arranged 
equi-spaced about the longitudinal axis of the main body sub 8. Also, a shoulder 
may be provided on the inner surface 19 of the main body sub 8 to limit the axial 
movement of the indexing sleeve 40 towards the bottom sub 14. The shoulder 
thereby prevents the indexing pin 36 from being subjected to high loads when the 
predetermined crushing force is applied to the actuating bail. Similarly, the 
arrangement of the indexing track 60 may be such that the axial movement of the 
indexing sleeve 40 towards the top sub 6 is limited by the abutment of the annular 
shoulder 52 of the inner mandrel 38 with the top sub 6. The stresses to which the 
indexing pin 36 is subjected are thereby reduced. Also, an embodiment of the 
present invention may be arranged so that the mandrel port holes 56 locate above, 
rather than below, the packing seals 12 when in the closed configuration. 

Furthermore, when in use, the inner mandrel 38 may be moved axially 
relative to the outer barrel 4 against the bias of the compression spring 46 by a 
wireline, or other suitable tool, as an alternative to a drop ball. 
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CLAIMS 

I A sliding sidc-door sleeve assembly for use in a wellbore, the assembly 
comprising an outer member defining a bore and an inner member defining a bore, 



so as 



the inner member being slidably located within the bore of the outer member 
to be moveable between an open position, in which a hole in the inner member is 
arranged relative to a hole in the outer member to permit fluid communication 
between the bore of the inner member and the exterior of the outer member, and a 
closed position, in which the hole in the inner member is arranged relative to the 
hole in the outer member to prevent fluid communication between the bore of the 
inner member and the exterior of the outer member; the assembly further 
comprising controlling means for selectively placing the inner member in the open 
or closed position, wherein the controlling means comprises a spring for biasing 
the inner member in one axial direction relative to the outer member, means for 
shifting the inner member relative to the outer member against the bias of the 
spring; and selectively releasable latching means for latching the inner member in 
the shifted position. 



2 A sliding side-door sleeve assembly as claimed in claim 1, wherein the 
means for shifting the inner member relative to the outer member comprises a seat 
for receiving a drop ball. 

3- A sliding side-door sleeve assembly as claimed in claim 2, wherein the seat 
is arranged so that a suitable drop ball received thereon prevents the flow of fluid 
through the bore of the inner member. 

4. A sliding side-door sleeve assembly as claimed in any of the preceding 
claims, wherein the selectively releasable latching means comprises at least one 
indexing pin and an indexing track for engagement with the or each indexing pin. 
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5. A sliding side-door sleeve assembly as claimed in claim 4, wherein the 
indexing track has a fixed axial position relative to the inner member and the or 
each indexing pin has a fixed axial and angular position relative to the outer 
member. 

6. A sliding side-door sleeve assembly as claimed in claim 5, wherein the 
indexing track is arranged on an indexing sleeve having a cylindrical shape, the 
indexing sleeve being slidably mounted within the outer member and having a 
fixed axial position relative to the inner member. 

7. A sliding side-door sleeve assembly as claimed in claim 6, wherein the 
indexing track is provided as a groove in the surface of the indexing sleeve 
adjacent the outer member. 

8. A sliding side-door sleeve assembly as claimed in claim 6 or 7, wherein 
means is provided for reducing the transmission of torsional forces between the 
spring and the indexing sleeve. 

9. A sliding side-door sleeve assembly as claimed in any of claims 6 to 8, 
wherein means is provided for reducing the transmission of torsional forces 
between the indexing sleeve and the inner member. 

10. A sliding side-door sleeve assembly as claimed in claim 8 or 9, wherein the 
means for reducing the transmission of torsional forces is provided by a bearing. 

11. A sliding side-door sleeve assembly as claimed in claim 8 or 9, wherein the 
means for reducing the transmission of torsional forces is provided by the 
abutment of materials having a low friction coefficient. 



SUBSTITUTE SHEET (RULE 26) 



WO 97/36089 PCT/GB97/00820 

II 

1 2. A sliding side-door sleeve assembly as claimed in any of claims 4 to. 1 1, 
wherein the indexing track extends in a direction having a component in line with 
the direction of movement of the inner member when moving between open and 
closed position, the indexing track thereby limiting axial movement of the inner 
member relative to the outer member. 
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